Caiman crocodilus apaporiensis has been considered by several authors as an extreme of morphological variation within the Caiman crocodilus complex. Here, we evaluate its position in the Caiman crocodilus complex morphospace using morphological traits from head shape. We examined the holotype and seventeen paratypes of Caiman crocodilus apaporiensis Medem 1955 deposited at the Field Museum of Natural History. We performed multivariate morphometric analyses: principal component analysis (PCA) and discriminant function analysis (DFA), based on 21 cranial traits of of C. c. apaporiensis, C. yacare and the C. crocodilus complex (C. c. chiapasius, C. c. fuscus andC. c. crocodilus). We find a notable separation of C.c. apaporiensis from C. yacare and C. crocodilus complex in the morphospace. We suggest that geographic isolation might have driven this morphological separation from the C. crocodilus complex, but further analysis are necessary to confirm whether these differences are related with genetic differentiation within the complex. In addition, we suggest that environmental heterogeneity might drive the evolution of independent lineages within the C. crocodilus complex.
Introduction
In 1955, Federico Medem described Caiman crocodilus apaporiensis (= C. sclerops apaporiensis) based on twenty-one specimens from the upper Apaporis River in Colombia between the falls of Jirijirimo and Puerto Yaviya (0º 7' N, 71º 0' W, approximately), and were deposited at the Field Museum of Natural History, Chicago, Illinois (FMNH). Medem (1955) stated that the specimens showed a noticeable difference from specimens from other localities in the region (Colombian Llanos Orientales and British Guiana), especially in the elongated and comparatively narrow snout and in certain external characteristics. Thereafter, Medem (1981 Medem ( , 1983 found substantial morphological evidence to recognize different lineages with Caiman crocodilus suggesting and proposed four subspecies to be recognized as follows: C. c. fuscus, C. c. chiapasius, C. c. crocodilus and C. c. apaporiensis (Rueda-Almonacid et al. 2007; Venegas-Anaya et al. 2008; Velasco & Ayarzagüena 2010) . In 1953 and 1954, F. Medem and K.P. Schmidt were writing a manuscript on taxonomic revision of the all genus Caiman, in which the taxonomic status of additional linages within the C. crocodilus complex (C. crocodilus matogrossensis, C. crocodilus paraguayensis and C. crocodilus humboldti) would be discussed. Unfortunately K.P. Schmidt died in 1954, and the manuscript was not published (Medem 1983) .
Although Medem (1981 Medem ( , 1983 clarified many taxonomic problems that had been approached by some authors during 200 years (Schneider 1801; Daudin 1802; Spix 1825; Gray 1862; Boulenger 1889; Schmidt 1928; Mertens 1943) , recent morphometric studies conducted by Busack & Pandya (2001) did not find support to recognize variation within Caiman crocodilus. However, mtDNA analysis recognized a difference between lineages from Mesoamerica and South America and provided evidence of substantial variation within the C. crocodilus complex (Venegas-Anaya et al. 2008) . In addition, mtDNA analysis also revealed that C. crocodilus complex is far more diverse than previously thought, suggesting the existence of evolutionary independent lineages (Venegas- Anaya et al. 2008) .
Caiman crocodilus apaporiensis has been controversial in the literature. Some authors consider this species as an extreme of morphological variation of Caiman crocodilus complex (Ayarzagüena 1984; Gorzula 1994; Busack & Pandya 2001) , but to our knowledge no studies have been conducted to evaluate the morphological position of C. c. apaporiensis within the morphospace of C. crocodilus complex. Here we conducted a morphological analysis of Caiman crocodilus apaporiensis, with emphasis on cranial shape variation of specimens pertaining to Caiman yacare and all recognized subspecies of C. crocodilus from most of its geographical range.
Material and methods
We examined eighteen skulls of C. c. apaporiensis, fifty-five from other subspecies of C. crocodilus, and eight of C. yacare. All this material is deposited in the division of amphibians and reptiles at the FMNH. We measured twenty-one standard morphological variables: dorsal cranial length (DCL), cranial width (CW), snout length (SL), basal snout width (SW), maximal orbital width (OW) minimal interorbital width (IOW), maximal orbital length (OL), length of the postorbital cranial roof (LCR), posterior width of the cranial roof (WCR), maximal width of external nares (WN), ventral cranial length (VCL: anterior tip of snout to posterior surface of occipital condyle), length of upper ramus (UM), length of palatal premaxillary symphysis (PXS), length of palatal maxillary symphysis (MXS), mandible length (ML), length of the mandibular symphysis (LMS), maximal width across the mandibular symphysis (WMS), dentary length (DL), dentary width (DW), surangular width (WSR), and length of lower ramus (LM). We based our analysis on skull morphological variables previously established to distinguish between crocodilian species (Montague 1984; Hall 1989; Hall & Portier 1994; Platt et al. 2009 ). All measurements were taken using digital calipers to the nearest 0.1 mm, and means ± standard deviation are provided. All specimens were photographed and measured using a metric tape by the first author (AHEG). We log-transformed data before statistical analysis to control for the possible influence of body size on the other measurements. We performed a first principal component analysis (PCA) with all morphometric traits from adult skulls in order to explore the structure of the morphological data. To remove body size effects from morphological traits, we performed regressions of each morphological trait against dorsal cranial length (DCL) as a proxy of body size. We performed a second PCA with DCL and the rest of traits adjusted by size. In addition, we performed a discriminant analysis using the PCA scores of the first four components to evaluate whether C. c. apaporiensis differ from other Caiman forms. In addition, we used the derived discriminant functions to quantify the percentage of taxon assignation. We compared C. c. apaporiensis with other lineages within the C. crocodilus complex and C. yacare as external group. Data for coloration in life were adapted from the original description.
Locality records of C. crocodilus complex and C. yacare were geo-referenced from museum voucher specimens in the FMNH, and were mapped using ArcMap 9.3 (ESRI, Inc). All records for C. crocodilus apaporiensis were obtained from Medem (1955) , and were geo-referenced with a spatial precision of 0.04° using locality information and national gazetteers.
We followed Romer (1956) , Brochu (2006) and Bona & Desojo (2011) for nomenclature of osteology and format description. We measured all morphometric variables in Caiman species and subspecies (see Appendix 1 for a complete list of revised material). Diagnosis. Differs from other Caiman species by its long skull and large supratemporal fenestrae (Fig. 1) . The snout is relatively long and slender in contrast with the rest of extant Caiman species and subspecies. The snout length (anterior tip of snout to anterior orbital border, measured diagonally) is almost twice the width across the anterior orbital border (SL:SW ranged from 1.8 to 2.2). The SL:SW ratio for the other Caiman species/subspecies ranged from 1.2 to 1.7, with C. c. fuscus as broad-snouted taxa (SL:SW ranged from 1.2 to1.4); while C. c. crocodilus showed the most high variation (ranged from 1.4 to 1.7). The premaxillae completely surround the external naris and extend dorsolaterally back to the level of the fifth maxillary alveoli.
Results

Caiman crocodilus apaporiensis
Description of the holotype. Skull: in dorsal view, the skull of C. crocodilus apaporiensis has an elongated form. The snout is very enlarged and narrow in comparison with other Caiman species ( Fig. 1 ; Table 1 ).
The premaxillae completely surround the external naris and extend dorsolaterally back to the level of the fifth maxillary alveoli. This condition of the premaxillae extending back would be unique condition among alligatorids but shared by basal globidontans (C. Brochu, pers. comm.) . In dorsal view each premaxilla extends beyond this point, forming an acute process on either side of the nasal. Each premaxilla supports five alveoli. The second and fourth are largest, and behind the third alveolus their arrangement is almost linear. The premaxillary-maxillary suture on the palate is W-shaped, with each premaxilla bearing a broad posterior process. The nasals are long and narrow in comparison with other caimanine species (Romer 1956; Bona & Desojo 2011) . The nasals broadly contact the premaxillae anteriorly, the maxillae laterally, and lacrimals and prefrontals posterolaterally, and the frontal posteromedially to a small degree. In the anterior part, nasals extend to third maxillary alveolus almost reaching the external naris. In the posterior part, the nasals extend to the level of the posterior end of the maxillae.
The maxillae extend behind the premaxilla and form much of the snout. The maxillae contact the nasals medially and the lacrimals and jugals posteromedially. Contact with the lacrimals is broad. The maxillae and prefrontals are separated by the lacrimal-nasal suture and do not contact each other. The maxillae possess 19-21 alveoli.
The lacrimal forms the anterior margin of the orbit and extends rostrally and modestly contacts the nasal. The prefrontal forms the anteromedial margin of the orbit. It contacts the lacrimal laterally and the frontal and nasal medially. Posteriorly, between the orbit and frontal, there is a shallow sulcus on the dorsal prefrontal surface.
The frontal is slightly concave between the orbits and flat posteriorly. Anteriorly, it forms an acute process, which contacts the nasals. The frontal contacts the postorbitals posterolaterally and the parietal posteriorly. The posterior margin of the frontal is convex and not involved in the formation of the supratemporal fenestrae.
The postorbital contacts the frontal and parietal in its anteromedial part, and the squamosal posteroventrally. This structure forms the anterior part of the supratemporal fenestrae, the dorsal part of the postorbital bar and pass along the posterior margin of the infratemporal fenestra. The parietal forms the medial walls of the supratemporal fenestrae. The interfenestral bar is dorsally flat. It contacts the squamosals posteromedially. The supratemporal fenestrae are large in comparison with other Caiman species ( Fig. 1-5 ). The parietal perforates on the medial wall of the fenestra. The squamosal contacts the postorbital anteriorly, forming the posterior wall of the supratemporal fenestrae. In ventral view, the maxillae contact the palatines posteromedially and ectopterygoids posteriorly. The maxillae, premaxilla and palatine form the anterior floor of the nasopharyngeal duct. The palatines are slender and contact one another at the midline, delimiting the suborbital fenestrae medially. The palatines exhibit a slight concavity posteriorly. The pterygoids contact each other along the midline conforming the middle and posterior part of the nasopalatine duct. The secondary choana is located in the middle to posterior part of the pterygoids.
The ectopterygoid delimits the suborbital fenestra posterolaterally and contacts the maxilla anterolaterally, the jugal posterolaterally, the pterygoids medially, and the descending process for the postorbital posteromedially.
Jaw: The dentaries meet at the midline along a symphysis that extends back to the level of the fourth or fifth alveolus. The dentary extends back to 14 alveolus. There are 20 dentary alveoli; most are comparatively small, except the first and fourth which is almost twice the diameter of the other alveoli. The pattern of spacing of alveoli in the dentary is regular, except for the more widely spaced first three and closer third and fourth.
The splenials do not participate in the short mandibular symphysis. They are adjacent to the posteriormost five dentary alveoli. The splenial bears a small foramen in the middle, as all alligatorids (Bona & Desojo 2011) . This foramen usually is confused as the foramen intermandibularis oralis, however this foramen is lost in all living alligatorids, excepting Alligator sinensis (C. Brochu, pers. comm.) . The splenial makes contact with the coronoid posterordorsally and angular posteroventrally, delimitating the foramen intermandibularis caudalis. The angular lies below the surangular and forms the ventral margin of the external mandibular fenestra. The angular extends more than the internal mandibular fenestra and encapsulates completely the foramen intermandibularis caudalis. The angular contacts the surangular posteriorly, and it extends posterior to the external mandibular fenestra. The surangular projects posteriorly, forming the posterodoral margin of the external mandibular fenestra. The external mandibular fenestra is wide and makes visible laterally the foramen intermandibular caudalis. The surangular exhibits ventral and dorsal process in its anterior part similar in length. The articular forms the posterior margin of the internal mandibular fenestra and its dorsal surface is concave, and bears an anterior process ventral to lingual foramen. The retroarticular process projects posterodorsally. The coronoid is ventrally elongated completely surrounds foramen intermandibularis medius. In its anterior part makes contact with splenial and its posterior end makes contact with angular bone.
Coloration in life (adapted from original description). The color description of living specimens is from Medem (1955) : "the dorsal coloration is bright yellowish-brown, with black spots and vermiculations; spotting more dense on the head, making the top of the head dark brown; tail yellowish on light brown, covered with numerous black vermiculations and spots, with four to six broad dark zones discernible; throat and lower jaws yellowish; flanks in general yellow, gray directly beneath the outer rows of dorsal scutes; keeled scutes of the flanks dark brown or black; several scutes with orange-colored keels on the sides of the neck; extremities dark gray or black".
Distribution and ecology. The current distribution of Rio Apaporis Caiman remains uncertain due to the low herpetological sampling conducted in that area of Colombia. We only made reference to historical information from previous studies (Fig. 6) . The first surveys conducted by Medem (1955) were around two hundred kilometers between Puerto Yaviya and the Falls of Jirijimo in the upper of Apaporis River. Subsequently, Medem (1981) observed C. c. apaporiensis in the Ajaju and Macayo Rivers. A specimen was collected in the upper Tacunema. Additional observations provided by local landowners who state that the "long-snouted caiman" have been observed in some lakes of the upper Mesai, tributaries of Yari River in the Caqueta basin (Fig. 6 ). 
C. crocodilus apaporiensis
Conservation status. Assessment of population size, extent of occurrence and occupancy and threats over C. c. apaporiensis are needed to determine the real status of the species, and conservation status definition seems warranted. Speculative and anecdotal information mostly derived from original descriptions of the subspecies by Medem (1955) and our interpretation indicates the sub-species has a likely restricted distribution of no more than 60 km 2 , is affected by hunting pressure by local communities (Medem 1981) and it is likely suffering from genetic introgression and hybridization. Given these factors, it is likely the species could be assessed at high risk, potentially as Critically Endangered according to the IUCN Red List of Threatened Species criteria; however, information needed to adequately provide a Red List category is still lacking. As a conservative approach, we suggest listing the sub-species as Data Deficient, given the enormous information gaps, and prioritize it for further assessment and assigning an adequate conservation status category.
Morphometric analysis. The principal component analysis shows a separation between C. c. apaporiensis, C.yacare, and other C. crocodilus complex forms (Fig. 7) . The first four components explain 63.73% of variance in cranial shape (Table 2 ). Cranial width variables had the highest loadings in the first component (CW, SW and WMS). Cranial length (DCL, LCR, ML, DL and LM) showed the highest loadings in the second component (Fig.  7) ; while IOW, OL, VCL, WMS, ML and LMS have the highest loadings in the third and four components. The use of derived discriminant functional analysis (DCL, CW, SL, and SW) showed that between 83.3% and 100% (untransformed and log-transformed data, respectively) was correctly attributed to C. c. apaporiensis. For C. yacare was 87.5% in both cases. For C. c. chiapasius was 29.4% and 52.9%; whereas for C.c. crocodilus and C. c. fuscus was 66.7% and 75.0% in both cases, respectively.
Etymology. The specific name apaporiensis refers to the Apaporis River. Eaton et al. 2009; Hekkala et al. 2011; Milián-García et al. 2011; Shirley et al. 2014) . The suite of morphological traits exhibited by C. c. apaporiensis clearly differentiates it from other species within the C. crocodilus complex. Previous morphometric studies suggest that the diversity of rostral shape among extant alligatorids has a strong phylogenetic signal (Piras et al. 2009 ). Thus, morphological traits of C c. apaporiensis could be the results of evolutionary history despite to environmental variations. Future molecular analysis will be necessary to evaluate whether morphological differentiation of C. c. apaporiensis is related with genetic differentiation in the C. crocodilus complex. Furthermore, the phylogenetic position of C. c. apaporiensis needs to be evaluated using a combination of morphological and molecular data. Moreover, we found a greater morphological differentiation between C. c. apaporiensis and the rest of the C. crocodilus complex than between C. yacare and the C. crocodilus complex excluding C. c. apaporiensis. Some phylogenetic studies support the monophyly of Caiman (C. crocodilus, C. yacare and C. latirostris), and shown a distinctiveness between C. yacare and C. crocodilus (Brochu 1999; Densmore 1983; Poe 1996; Brochu & Densmore 2000; White & Densmore 2000; Oaks 2011) . Although the divergence time between C. crocodilus and C. yacare, based on fossil and molecular data, took place during the late Miocene (Godschalk 2006), we found strong morphometric similarity between C. yacare, C. crocodilus chiapasius, C. crocodilus fuscus, and C. crocodilus crocodilus. In addition, in some areas where C. yacare and C. crocodilus are sympatric and introgression is common, molecular and morphological data are unclear for distinguishing the species (Busack & Pandya 2001; Hrbek et al. 2008) . On the other hand, C. crocodilus could show clinal variation, ranging from longirostrine to broad snout phenotypes, resulting in an overlap of snout morphotypes of C. crocodilus and C. yacare. Nevertheless, this must be studied in more detail in future morphological studies where latitude and altitude limits have been poorly defined between sympatric crocodilians.
Cranial variation within Caiman may reflect differences in diet (Ayarzagüena 1984; Monteiro et al. 1997) . The new insights regarding allometric cranial shape in crocodilians suggest that bite-force performance varies independently of rostral form, and that changes in body size/bite-force allows access to different prey types (Erickson et al. 2003 (Erickson et al. , 2012 Foth et al. 2015) . Despite the limited information about feeding habits of C. c. apaporiensis and other members of the C. crocodilus complex in general, morphological divergence could suggest widespread alimentary habits from durophagous for broad-snout morphotypes to slender-snouted generalist for longirostrine forms (see Erickson et al. 2012) . Based on our results, we suggest that despite poorly-known differences on body size and mass between C. c. apaporiensis and the rest of the C. crocodilus complex (Medem 1981; Morales-Betancourt et al. 2013) , ecomorphological variation may partially support the separation of ecological niche between C. c. apaporiensis and other Caiman species.
A recently described fossil species, Caiman venezuelensis Fortier and Rincon 2012 from the Pleistocene of Venezuela, might bear on the validity of C. c. apaporiensis. Although limited to a partial premaxilla, it suggests a comparatively slender snout with a premaxilla. The material is insufficient to determine whether C. venezuelensis and C. c. apaporiensis are closely related or even conspecific, but if they are, it suggests a divergence between C. c. apaporiensis and other living species minimally by the early Pleistocene. This, in turn, implies that the lineage including C. c. apaporiensis could have been independent for 2 million years or more. Nevertheless, further study is needed.
Finally, our results suggest that the Rio Apaporis Caiman might be a distinct evolutionary linage from the rest of the C. crocodilus complex, thus, could be considered a different species; however, molecular data is therefore needed for supporting this statement and clearly identify C.c. apaporiensis as a distinct species.
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